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Abstract
We consider CP violation due to left-right mixing in a class of Left-Right
symmetric models and show that it leads to observable eects in hyperon
decays. For S-wave, the contribution to CP violating asymmetry A of the
polarization in hyperon and anti-hyperon decays is proportional to 
0
=. While
the tree level L-R operators contribution is constrained to be less than 10
 5
,
the gluon penguin operator contribution can be as large as 10
 4
. For P-wave,
the contribution is not directly related to 
0
=. Its contribution to A can be
larger and may reach 6  10
 4
in  ! p
 
. This is much larger than the
value expected for A in the Standard Model.





Non-leptonic hyperon decays of ,  and  are interesting processes to test CP conser-
vation outside the neutral Kaon system [1{5]. Non-leptonic hyperon decays proceed into
both S-wave (parity-violating) and P-wave (parity-conserving) nal states with amplitudes










are initial and nal baryons, ~q is the momentum of pion. It is convenient to




























to explicitly separate the strong rescattering phases 
i
and the weak CP violating phases 
i
.
Here i is summed over dierent isospin channels. One particularly interesting observable is











), and  is the corresponding quantity for anti-hyperon
decays. A non-zero A signals CP violation.
Recently the E871 proposal at Fermilab has been approved [6]. The expected sensitivity




and  ! p
 
at E871 may reach the upper range of the
Standard Model (SM) prediction [3{5]. It is interesting to see if with non SM sources these
CP asymmetries may be large, and what kind of constraints the experimental data may be
able to impose on extensions of the SM. In this paper we study these CP asymmetries due
to left-right mixing in a class of Left-Right Symmetric Models [2].






















. We follow the convention used in Ref. [9] The mass eigenstates W
1;2














with the convention being that W
1
being the lighter of two. The charged current interaction






















































are the KM mixing matrices, and U =
(u; c; t; :::) and D = (d; s; b; :::). The model in general has N
2
 N + 1 CP violating phases
with or without left-right discrete symmetry for N generations. In models with left-right




. If, in addition, the CP symmetry is assumed to be





and therefore the number of CP violating phases is reduced to N(N +1)=2 [10]. Note that,
with or without the discrete symmetry, even in the one generation case, the theory has one




. This is the phase
that can be generically identied as the left-right mixing phase.













indicates the eective Hamiltonian generated by exchanging W
1
at the tree and
one loop level. In the zero mixing limit, this reduces to the SM contribution. In the following
we will keep terms up to linear in  because it is constrained to be small [11]. To the leading
order, H
SM

























































































, i = u; c; t, G
a
is the gluon eld strength, the functions E(x) and

































The rst term in eq.(7) is due to exchange of W
1
at the tree level, the second term is the
















































































































































Detailed studies of H
SM
contribution to CP violation in hyperon with QCD corrections
have been carried out in Ref. [3{5]. It was shown that the asymmetry A() is in the range
 (1  5)  10
 5
, and A() is in the range  (1  10)  10
 5
if CP violation is due to the
phase in V
L
. In these calculations, the strong rescattering phases in Ref. [13] for  decays














using chiral perturbation theory. The rescattering phases were found to be smaller with

2




from low lying intermediate states [16,17]. The asymmetry A()
is scaled down by a factor of 10. In our later calculation we will use the strong rescattering
phases from Ref. [16,17].
4
In Left-Right Symmetric Models with N generations of quarks, one can choose the phase
convention such that only (N 1)(N 2)=2 phases appear in V
L
, while the other N(N+1)=2
phases in V
R
. It may well be the case that the source for CP violation is purely from the
phases in V
R
in this convention. If V
R
is approximately equal to V
L
, then the contribution
to CP violation in hyperon decay from H
R









is small. In general, V
R
can be very dierent from V
L
. In that case there may be larger
contribution to CP violation in hyperon decays. In Ref. [3] a special case, the \isoconjugate"
Left-Right Model [8] where CP violation is due to phases in V
R
, there is no left-right mixing




































are identical operators, except that O
LL
is a product
of two left-handed currents whereas O
RR
has two right-handed currents. Because of this
structure one nds the parity-nonconserving (S-wave) processes have an identical phase




= r ; 
P
i
=  r : (12)
The phase r is determined by CP violation in neutral kaon mixing to be about 4:4 10
 5
.






In this letter we concentrate on the eect fromH
LR
which only contribute when left-right
mixing is non-zero. The contribution to S-wave from tree level left-right mixing operators
has been considered before [2]. Here we will carry out a full calculation including P-wave
contribution and contributions from left-right penguin operator. We will include QCD cor-






























































































































































































. In our numerical evaluation, we will use 
4
= 0:25 GeV for the QCD
 parameter.
We will rst consider the operators O

. The operators O

contain both I = 1=2 and







































































































































































































= 13:26 and  = 0:64 from experimental
data. F
















































). Note that the phases in I = 3=2 amplitudes are much
larger than the ones in I = 1=2 amplitudes. We will need to use the full expression for the


















can be obtained in the same way.




























































We note that the asymmetry A in  decay is smaller than that in  decay.
The gluon dipole penguin is a pure I = 1=2 operator. To estimate its contributions













sj > following Ref. [3]. We use the CP violating phases
calculated in Ref. [3] for Weinberg model and normalize them to the coecients in our
model. We dene the normalization factor R such that the CP violating phases 
i
is equal
to R times the phases given by Donoghue, He and Pakvasa in eq.(4.8) and (4.9) of Ref. [3].







































= 0:28 GeV is the mass used in the MIT bag model calculation
[19], and the parameterM
K
is equal to 5:8 10
 11
GeV [20]. The normalization factor for









































The gluon dipole penguin contribution A
G













































The mixing angle is constrained to be less than 410
 3
[11]. If the magnitude of V
Rud(s)
is about the same as V
Lud(s)





)  0:2sin(phase), the asymmetry
A
W
() can be as large as 10
 3
. However, this will not be the case. The same operators
will also contribute to 
0
=. In Ref. [21] it was shown that 
0












[22], the S-wave contribution
to A is constrained to be less than 4  10
 6










is the same order as 
u
 





















) is bounded to be less than 0.22. We see that A
W







) > 0:1, and such a possibility is not ruled out.
The magnitude for A
G
() is also constrained. The gluon dipole operator also contributes
to 
0
















() is constrained to be less than 1:310
 4
. If the S-wave and the P-wave
contributions are about the same order of magnitudes, one would have A
G
() < 2:6 10
 4
.













= 174 GeV and m
c






















j = 0:003, and the magnitude of V
Rts
is approximately the same as jV
Lcb
j,
then the rst term is constrained to be less than 2:5  10
 5
. However the second term
8





) can be as large as 0.22. If this factor takes
its maximal value, A
G
() can be as large as 6  10
 4
which will be probed by the E871
experiment. The asymmetry A in  decay is always constrained to be less than 10
 4
.
In conclusion, we have studied CP violation in hyperon decays due to left-right mixing
in Left-Right Symmetric Model. The S-wave contribution to CP violating asymmetry A is
constrained from 
0
=. The contribution from the tree level L-R operators is constrained to
be less than 10
 5
, while the gluon penguin operator contribution can be as large as 10
 4
.
The P-wave contribution is not directly related to 
0
=. Its contribution to A can be larger
and may reach 6  10
 4
in  ! p
 
. This is much larger than the SM prediction. The
asymmetry in  decay is about one order of magnitude smaller.
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